The influence of organic manures in nutrient uptake and seed quality of sesame is not fully known. In this context, a study was conducted in northeastern Uganda in 2013 and 2014 short rains, and 2014 long rains to investigate the effect of organic manures on nutrient uptake and seed quality of sesame. The experiment was laid out in randomized complete block design with three replications. The treatments comprised: control, 4 crop residues, 2 animal manures and combinations of 2 animal manures and 4 crop residues all applied at two rates of 3 and 6 t/ha. Poultry manure plus finger millet husks (6 t/ha) produced significantly the highest seed protein content (48.23%) and uptake of N (4.84%), P (0.66%) and K (1.86%) by sesame at 4 weeks after emergence. Poultry manure plus cowpea husks (6 t/ha) and poultry manure plus groundnut shells (3 t/ha) produced the highest total ash (8.71%) and sesame seed oil content (67.95%), respectively. The crop residue effect on seed crude protein content, seed total ash and seed oil content occurred in the order of finger millet > cowpea > groundnut > sorghum, finger millet > cowpea > sorghum > groundnut and groundnut > sorghum > cowpea > finger millet, respectively. This study has demonstrated that finger millet husks and groundnut shells effectively enhance protein and oil content of sesame than other crop residues, respectively. Poultry manure plus finger millet husks (3 t/ha) enhances sesame seed protein content than other treatments.
Introduction
Sesame (Sesamum inducum L.) is cultivated mainly by smallholder farmers in the semi-arid areas of north east Uganda both as a cash and food security crop. Sesame seeds are used either decorticated or whole in form of baked sweetened sesame bars or cubes and milled to get high grade edible oil or an oily paste (Anyanga et al., 2001; Bedigian, 2003) . Sesame seeds contain high quality oil in the range of 50-60% and are rich in calcium (35%) and proteins (methionine and tryptophan) (34%-50%) (Baydar et al., 1999; Morris., 2002) . Consequently, it is suitable for use as a food crop in starch staple diets of most small holder farmers in sub-Saharan Africa. After oil extraction from sesame seeds, the residual meal is used as a constituent of livestock feeds (Munyua et al., 2013) .
Owing to its high oil and nutrient content, sesame has a great potential to meet food and nutrition security as well as generate household income and earn foreign exchange for most countries in sub-Saharan Africa. However, farmers in these regions are resource poor and heavily depend on rain-fed crop production systems and natural soil fertility for crop production (Ibeawuchi et al., 2009) . Unfortunately, rainfall is insufficient, unpredictable and poorly distributed. This coupled with low soil nutrient status has resulted in persistently low sesame crop yields (673 kg/ha) at farmers' fields compared to a potential yield of 2250 kg/ha (Anyanga et al., 2003; Munyua et al., 2013) . Sesame crop harvests are too low to provide adequate quantities of the crop to meet both urgent household food needs and generate enough income to buy inorganic fertilizers that are expensive and out of reach of most resource poor smallholder farmers. Consequently, there is accelerated soil infertility. (Sanchez et al., 2002) . Organic materials are a major source of organic matter and plant nutrients. Incorporating organic materials into soil results in improved soil physical attributes namely: soil structure, soil aggregate stability, water holding capacity, soil drainage, soil aeration and root penetration and soil chemical attributes namely: soil nutrient content and composition and soil pH (Craswell et al., 2001; Murphy., 2015) . Application of organic manures on sesame in form of crop residues and animal manure would most likely improve its yields and seed quality (Anyanga et al., 2001; Morris, 2002; Bedigian, 2003) . However, there is inadequate information on the use and effect of crop residues and animal manure on nutrient uptake and quality of sesame. Therefore, a study was conducted to assess the effect of crop residues and animal manures on nutrient uptake and quality of sesame.
Materials and Methods

Description of Study Site
Weather and Altitude
This study was conducted at the National Semi-Arid Resources Research Institute (NaSARRI), Serere, Uganda. NaSARRI is located at 0 o 32′ N and 35 o 27′ E at 1128 meters above sea level. The site experiences an average annual minimum temperature of 17.9 o C and a maximum temperature of 29.4 o C. It receives an average annual rainfall of 1000 mm with a bimodal distribution. The relative humidity ranges between 72% and 84%. January, February, June and July are driest months with very little precipitation. However, the months of March, May, August and November are generally the wettest.
Soil Properties
The soils at the experimental site are mainly sandy with low organic matter content and are classified as petric plinthosols although traces of gleysols and vertisols also exist (Aniku, 2001) . These soils were predominantly sandy silt loams with a pH ranging between 5.10 and 5.40. Calcium level was 3.13 me/100 g, while organic carbon was in the range of 1.8% and 2.3%. Phosphorus and Na levels were 9.74 ppm and 0.48 me/100 g, respectively. Magnesium level was at 0.71 me/100 g, while K level is at 0.67 me/100 g.
Treatments, Experimental Design and Crop Husbandry
The treatments comprised: control (no amendments), animal manures (poultry and cow, each at two rates of 3 and 6 t/ha), crop residues (millet, sorghum, cowpea and groundnuts, each at two rates of 3 and 6 t/ha) and combinations of animal manure and crop residues, each at two rates of 3 and 6 t/ha. The treatments were laid out in a randomized complete block design and replicated three times. Animal manure and crop residues were mixed in equal proportions of 1:1; 1 part of animal manure to 1 part of crop residue. Both crop residues and animal manure were analyzed for chemical elements before they were applied on experimental plots. The crop residues of finger millet, sorghum, cowpea and groundnut were got from seremi 2, seso 3, secow 2 and serenut 2 crop residues, respectively. These crop residues were incubated in pits for 1 month prior to their application, while poultry and cattle manures were applied when properly decomposed. Each experimental plot measured 4 m x 4 m with a path of 1 m separating plots. Sesim II variety was used in this study. It is highly branching with an average height of 100 cm and a maturity period of 90 days. Six seeds were planted per hill at inter and intra row spacing of 30 cm and 15 cm respectively. The crop was then thinned to one plant per hill at three weeks after planting. The crop was hand weeded three times before it was harvested.
Data Recording
Leaf Mineral Content Analysis
Sesame leaves were analyzed for N, P and K contents at four weeks after emergence and 75% flowering. Sesame leaves were sampled from ten plants and oven dried at 60 o C to a constant weight, ground and stored in small polythene bags. Nitrogen in sesame leaves was determined using the Kjeldahl method, available phosphorus was determined using the Mehlich method and potassium was determined using the Flame photometry method (Nelson & Sommers, 2010) 2.3.2 Sesame Seed Nutritional Quality Seed oil content was determined using the Soxhlet method (AOAC, 1990) . Crude Protein and total ash content in sesame seeds were determined using Kjeldahl and dry ashing methods, respectively. The conversion factor of 6.25 was used to convert Kjeldahl nitrogen to (%) protein (Nelson et al., 2010) 
Data Analysis
Collected data were subjected to analysis of variance (ANOVA) using Genstat statistical package 13 th edition, 2013. The means were compared using the least significant difference (LSD) test at P ≤ 0.05.
Results
Effect of Crop Residues, Animal Manure and Their Combination on N, P and K Content of Sesame Leaves at 4 Weeks after Emergence and at 75% Flowering
Application of crop residues and animal manure singly and in combination significantly (P ≤ 0.05) affected N and K concentration in sesame leaves at both 4 weeks after emergence and 75% flowering, but only affected P concentration in sesame leaves at 75% flowering (Tables 1a, 1b and 1c) . Finger millet husks (6 t/ha) produced significantly (P ≤ 0.05) higher concentration of N (3.14 to 4.44%), P (0.26 to 0.64%) and K (0.18 to 1.84%) in sesame leaves at 4 weeks after emergence and 75% flowering than other crop residues and 3 t/ha of millet husks across seasons (Table 1a) . Poultry manure (6 t/ha) produced significantly (P ≤ 0.05) higher concentrations of N (3.42 to 4.66%), P (0.25 to 0.48%) and K (0.19 to 1.81%) in sesame leaves at both 4 weeks after emergence and 75% flowering than cattle manure and poultry manure (3 t/ha) across seasons (Table 1a) . Incorporation of poultry manure plus finger millet husks (6 t/ha) produced significantly (P ≤ 0.05) higher concentration of N (3.61 to 4.84%), P (0.26 to 0.66%) and K (0.19 to 1.86%) in sesame leaves than poultry manure plus finger millet husks (3 t/ha) and poultry manure plus other crop residues (Table 1b) . Application of cattle manure plus finger millet husks (6 t/ha) produced significantly (P ≤ 0.05) higher concentration of N (3.51 to 4.08%) and K (0.19 to 1.77%) in sesame leaves than cattle manure plus other crop residues and cattle manure plus finger millet husks (3 t/ha) at 4 weeks after emergence and 75% flowering (Table 1c) . Overall, application of poultry manure plus millet husks (6 t/ha) produced the highest concentration of N, P and K in sesame leaves at both 4 weeks after emergence and 75% flowering (Tables 1a, 1b and 1c). At 75% flowering, N, P and K concentration in sesame leaves significantly reduced with greater reduction in K (Tables 1a, 1b and 1c). Note. WAE = weeks after emergence, PM = poultry manure, Control = no amendment. Note. WAE = weeks after emergence, G.nuts = groundnuts, Control = no amendment.
Effect of Crop Residues, Animal Manures and Their Combinations on Sesame Nutritional Seed Quality
Applications of crop residues and animal manures singly and in combination had a significant (P ≤ 0.05) effect on sesame seed crude protein%, total ash% and oil content. Application of 6 t/ha of finger millet, cowpea and groundnut crop residues produced significantly (P ≤ 0.05) higher sesame seed crude protein% (25.26 to 46.61%), total ash (4.26 to7.68%) and oil content (65.65 to 69.29%), respectively, than the control and other crop residue treatments across seasons (Table 2a) . Crop residues enhanced seed crude protein content in the order of finger millet > cowpea > groundnut > sorghum, seed total ash in the order of cowpea > finger millet > groundnut > sorghum and seed oil content in the order of groundnut > sorghum > cowpea > finger millet (Table 2a) . Poultry manure (6 t/ha) produced significantly (P ≤ 0.05) higher sesame seed crude protein% (25.29 to 31.78%) than the control, poultry manure (3 t/ha) and cattle manure treatments across seasons (Table 2a) . Application of 3 t/ha of poultry manure produced significantly higher sesame seed total ash (4.32 to 8.851%) than 6 t/ha of poultry manure and cattle manure treatments (Table 2a) . Application of 3 t/ha of cattle manure produced significantly (P ≤ 0.05) higher sesame seed oil content (63.54 to 64.39%) than 6 t/ha of cattle manure and poultry manure (3 and 6 t/ha) (Table 2a) . Poultry manure plus finger millet husks (6 t/ha) produced significantly (P ≤ 0.05) higher Vol. 9, No. 7; sesame seed crude protein% (26.35 to 48.23%) and total ash% (4.57 to 8.71%) than 3 t/ha of poultry manure plus finger millet husks and poultry manure plus other crop residues across seasons (Table 2b) . Poultry manure plus groundnut shells (3 t/ha) produced significantly (P ≤ 0.05) higher sesame seed oil content (61.33 to 67.95%) than 6 t/ha of poultry manure plus groundnut shells and poultry manure plus other crop residues across seasons (Table  2b) . Cattle manure plus groundnut shells (6 t/ha) produced significantly (P ≤ 0.05) higher sesame seed crude protein% (23.66 to31.02%) and oil content (63.92 to 66.35%) than cattle manure plus groundnut shells (3 t/ha) and cattle manure plus other crop residues; while cattle manure plus sorghum husks (6 t/ha) produced significantly (P ≤ 0.05) higher sesame seed total ash% (4.53 to 7.23) than cattle manure plus other crop residues and cattle manure plus sorghum husks (3 t/ha) (Table 2c ). Sesame seed crude protein and oil contents were higher in plots amended with crop residues than in plots amended with animal manure; while sesame seed total ash was higher in plots treated with animal manure than those treated with crop residues (Table 2a) . Plots with combined applications of animal manure and crop residues produced higher sesame seed crude protein and seed total ash contents than plots amended with animal manure and crop residues singly (Tables 2a, 2b and 2c). In contrast, oil was highest in plots treated with groundnut shells compared to plots amended with a combination of crop residues and animal manure (Tables 2a, 2b and 2c). Overall, poultry manure plus finger millet husks (6 t/ha), poultry manure plus cowpea husks (6 t/ha) and sorghum husks (6 t/ha) produced the highest sesame seed crude protein content, total ash and oil content, respectively, compared to other treatments across seasons (Tables 2a,  2b and 2c). Note. Control = no amendment, Cattle = cattle manure, Poultry = poultry manure, LR = long rains, SR = short rains. Note. PM = poultry manure, Control = no amendment, LR = long rains, SR = short rains. Note. Control = no amendment, Cattle = cattle manure, LR = long rains, SR = short rains.
Discussion
Effect of Crop Residues and Animal Manures on Levels of N, P and K in Sesame Leaves
Application of 6 t/ha of finger millet husks, poultry manure and poultry manure plus finger millet husks significantly increased the concentrations of N, P and K in sesame leaves at 4 weeks after emergence and at 75% flowering relative to other treatments. Lower C/N ratios of finger millet husks and poultry manure than other treatments could have caused faster release of N, P and K which increased uptake by sesame. In addition, finger millet husks and poultry manure had higher N, P and K levels than other treatments, resulting in release of higher quantities of these nutrients upon decomposition. Ojo et al. (2015) reported increases in the levels of P and N in maize plant tissues due to incorporation of poultry manure into the soil. This was linked to high content of N and P in poultry manure which are released upon its decomposition. Nahar et al. (2008) and Mandal et al. (2009) reported that organic manures incorporated into soil decompose and increase soil nutrient status thereby enhancing nutrient uptake by plants.
Incorporation of finger millet husks in soil produced a higher concentration of P in sesame leaves at 75% flowering than other treatments. Finger millet husks which had higher P content than most crop residues could have increased P levels in soil upon decomposition. Consequently, it caused higher uptake by sesame than other crop residues. In addition, less P is utilized by plants during flowering which could have caused its accumulation in leaves at 75% flowering. Grant et al. (2005) reported the presence of high content of P in plant tissues at flowering than at early stage of growth and its grain filling stage. This was attributed to less demand for it at flowering compared to early and grain filling stages of crops.
Cattle manure plus finger millet husks (6 t/ha) had significantly higher concentrations of N and K in sesame leaves at 4 weeks after emergence and at 75% flowering than cattle manure combined with other crop residues. This could be attributed to higher N and K in finger millet husks than in other crop residues. Incorporation of 6 t/ha of cattle manure plus finger millet husks could have added higher levels of K and N upon decomposition resulting in increased uptake. Ewulo et al. (2007) and Khaled et al. (2012) reported that combined application of organic manures enhanced uptake of N, P and K by plants and the level of each nutrient in plant tissues depended on its initial concentration in organic manure.
Sesame leaf N, P and K levels were lower at 75% flowering than at 4 weeks after emergence. This could be a consequence of their assimilation into reproductive structures. Mandal et al. (2009) reported that N and P decreased in plant tissues of wheat as the crop progressed towards flowering and seeding due to assimilation into reproductive structures. Across all treatments, K level in sesame leaves was significantly lower than the accepted range of 2% to 3% (Bonheure et al., 1992; Tandon, 1995) . This suggests that K levels in the study site were not adequate to meet the plant requirement at flowering. In addition, it could be a consequence of K being utilized at a higher rate by enzymes involved in protein synthesis and carbohydrate metabolism. Jadav et al. (2010) reported decline of K in sesame tissues during its growth and associated it with the role of K in carbohydrate, protein and oil synthesis.
Effect of Crop Residues and Animal Manure on Seed Crude Protein, Oil and Total Ash Content of Sesame
Application of crop residues and animal manures produced significantly higher seed crude protein in sesame than the non-amended control. Crop residues and animal manure could have increased N levels in the soil upon decomposition which promoted protein synthesis in sesame seeds. Vayipuri et al. (2003) and Mohandoss (2001) reported increases in seed crude protein content of sesame due to application of poultry manure and rice husks. This was attributed to high levels of N in poultry manure and rice husks released into the soil upon their decomposition.
Incorporation of finger millet husks in soil had higher sesame seed crude protein content than other crop residues, while groundnut shells had higher seed oil content than other crop residues. Finger millet husks with high initial N (3.46%) and low C/N ratio (10.45:1) may have decomposed and released faster higher amounts of N that promoted protein synthesis in sesame seeds. The groundnut shells with lower initial N (1.80%) and high K (1.01%) could have released less N and high K into the soil upon decomposition resulting in enhanced carbohydrate metabolism in sesame plants that promoted oil synthesis in sesame seeds than other crop residues. Nanjundappa et al. (2001) and Ahmed (2015) reported that fertilizers with higher N levels promote protein synthesis but reduce oil synthesis. Incorporation of 6 t/ha of finger millet husks had higher sesame seed crude protein content than 3 t/ha of finger millet husks and other crop residues, while 3 t/ha of groundnut shells had higher seed oil contents than 6 t/ha of groundnut shells and other crop residues. It is likely that incorporation of 6 t/ha of finger millet husks added excess N into soil upon decomposition which affected oil synthesis in sesame seeds than 3 t/ha of finger millet husks and other crop residues. In contrast, 3 t/ha of groundnut shells in soil could have added less N upon decomposition which favoured oil synthesis in sesame seeds. Munir et al. (2007) obtained higher crude protein and low oil content in sunflower seeds with application of high N fertilizers. This was attributed to the role of N in promoting protein synthesis, while its increase reduces oil synthesis. Mondal et al. (2001) obtained increased oil content in sesame seeds harvested from plots treated with fertilizers high in K. This was attributed to the role of K in promoting oil synthesis in sesame seeds. Incorporation of 6 t/ha of cowpea husks into the soil had significantly higher sesame seed total ash than other crop residues. Cowpea husks are relatively high in initial P (0.60%), K (0.55%) and Ca (0.30%) and low in C/N ratio (10.94:1) compared to other crop residues. Incorporation of 6 t/ha of cowpea husks into the soil may have readily released high quantities of P, K and Ca that resulted in high uptake by sesame plants. Khaled et al. (2012) reported that application fertilizers with high mineral contents enhanced their uptake by crops. Crop residues enhanced sesame seed crude protein, oil and total ash content in the order of finger millet > cowpea > sorghum > groundnut, groundnut > sorghum > cowpea > finger millet and cowpea > finger millet > sorghum > groundnut, respectively. This implies that seed crude protein, oil and total ash content require different crop residues with specific nutrient contents and composition.
Incorporation of 6 t/ha of poultry manure in soil had significantly higher sesame seed crude protein and total ash content than cattle manure, while 3 t/ha of cattle manure had higher sesame seed oil content than 3 t/ha of poultry manure. This is most likely due to higher levels of initial N (4.44%), P (1.02%) and K (1.13%) and Ca (1.24%) in poultry manure than cattle manure. Poultry manure incorporated in soil could have decomposed and added high quantities of N that promoted protein synthesis. Vaiyapuri et al. (2003) and Haruna et al. (2012) reported that incorporation of poultry manure in soil at higher rates promoted protein synthesis in sesame seeds.
In addition, poultry manure may have also released high quantities of P, K and Ca which could have increased their high uptake by sesame plants. Mandal et al. (2009) reported that organic residues with high levels of minerals decompose and release into soil higher quantities of minerals which enhances their absorption by crops. Incorporation of 3 t/ha of cattle manure into the soil with low initial N (3.07%) and relatively high K (0.92%) added less N and high K levels that could have enhanced oil synthesis in sesame seeds. Mondal et al. (2001) reported that application of organic fertilizers low in N and high in K increased sesame seed oil content. They attributed this to the role of K in enhancing enzyme activity in carbohydrate metabolism which is essential for oil synthesis in sesame seeds.
Incorporation of 6 t/ha of poultry manure plus finger millet husks in soil had significantly higher sesame seed crude protein content than poultry manure combined with other crop residues. It is most likely that poultry manure and finger millet husks with high initial N (4.44%) and (3.46%), respectively, decomposed and released higher quantities of N that promoted protein synthesis in sesame seeds than other treatments. Plots amended with 3 t/ha of poultry manure plus groundnut shells had higher sesame seed oil content than other treatments. This could be attributed to low initial N (1.80%) in groundnut shells and relatively high initial K in poultry manure (1.13%) and groundnut shells (1.01%) compared to other crop residues and cattle manure. Therefore, when the mixture was incorporated in soil, it may have decomposed and released relatively low N and high K that enhanced carbohydrate metabolism in sesame plants resulting in increased seed oil content. Rathke et al. (2005) reported that application of lower levels of N fertilizer significantly increased oil content of sunflower seeds; while Johnson et al. (2013) obtained increased levels of oil in Brassica carinata with low N fertilizer application. Both attributed this to enhanced carbohydrate metabolism in sesame. Plots amended with 6 t/ha of poultry manure plus cowpea husks produced significantly higher sesame seed total ash content than other treatments. This could be attributed to a variety of mineral elements and relatively higher initial P (0.60%), K (0.55%) and Ca (0.30%) in cowpea husks than other crop residues. Consequently, the mixture could have decomposed and released large quantities of N, P, K and Ca into the soil which may have enhanced their uptake by sesame plants. Vaiyapuri et al. (2003) and Mandal et al. (2009) reported that incorporation of poultry manure and other organic manures, high in minerals increased their levels in soil upon decomposition and this increased their plant uptake.
Conclusion
This study has shown that finger millet husks enhanced growth, seed yield and seed protein content of sesame relative to other crop residues and animal manure. Poultry manure produced higher growth, seed yield and crude protein content of sesame than cattle manure. This study has also revealed that poultry manure plus millet husks enhanced sesame growth, seed yield and seed protein content than crop residues and animal manure applied singly. Groundnut shells enhanced sesame seed oil content compared to other treatments.
